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FYREOLOCW jPYRMDINE AN0 imiK USE 
AS PUBINERGIC RECEPTOR ANTAGONISTS 

The present invention relates to pyrroio[2,3-d3pyriimdme derivatives md theii use in 
5 therapy. In particuiar, the present invention relates to tlie treatment of disordei^ in which 
tlie reduction of piuinergic neurotransmission could be beneficjaL The invention relates in 
particuiai- to blockade of adenosine receptors and particuiariy adenosine Axk receptors, and 
to the treatment of movement disorders such as ParMnson's disease. 

10 Movement disordei'S constitute a serious iiealtli problem, especially at>:K)ngst the elderly 
sector of the population. These movement disorders are often the result of brain lesions. 
Disorders involving tSm basal ganglia which result in movement disorders include 
ParMnson's disease, Huntington's chorea and Wilson's disease. Furthermore, dyskinesias 
often arise as sequelae of cerebral ischaemia and other neurological disorder, 

15 

There are- four classic symptoms of Parkinson's disease; tremor, ngidity, akinesia mid 
postwal changes. The disease is also commonly associated with depression, dementia and 
overaM cognitive decline, Parkinson's disease hsts a prevalence of 1 per LOOO of the total 
popuiation. The incidence increases to 1 per .100 for those aged over 60 yem. 
20 Degeneration of dopaminergic neurones in the substantia nigra and tiie siibsec|ueni 
isductions in interstitial concentrations of dopaimne in the striatum are critical to the 
development of Parkinson's disease. Some 80% of cells from the substantia nigra need to 
be destroyed befons the clinical symptoms of Parkinson's disease are manifested. 

25 Current stmtegies for the treatment of Parkinson's disease are based on transmitter 
replacement thearapy (L-dihydroxyphenylacetic add (L-DOPA)), inhibition of monoamiae 
oxidase {e.g. Deprenyl®), dopamine receptee agonists (e.g. bromocriptine and 
apomorphine) and anticholmergics {e.g. benztrophine, orphenadrine). Transmitter 

replacement therapy in particular does not provide consistent clinical benefit, specially 

30 after prolonged ti^atment when "on-off symptoms develop, and this; tteatment has also 
been asssociated with involuntai^ movements of athetosis and chorea, nausea and vomiting. 
Additionally cun«nt thempies do not treat the undsriying neux-odegenerative disorder 
resulting in a coiitinuin.g cognitiYe decline in patients. Despite new dmg approvals, there is 
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Still a medical need m terms of improved therapies for movement disorders, especially 
ParMfison's disease. In particular, effective treatments squiring i^s fisquest dosing, 
effective treatments which are associated with less severe side-effects, and effective 
ttt;atme»ts which control or r&vetse tie underlying neraodegeneratiye disorder, are 
5 required. 

Blockade of Az a'^^nosine receptoi^ has recently been implicated in the treatment of 

movement disoixiers such as Parkinson's disease (l^icharcisoTi, P.J, etal. Trends Pharmacol 
ScL 1997, 18, -338-344) and in the treatment of cerebral ischaemia (Gao, Y. and PMllss, 
10 J.W,, Life ScL 1994, 55, 61-65), The potential utility of adenosine A:m receptor antagonists 
in the tisatment of iiaovement disorders such as Parkinson's Disease has t«centiy been 
reviewed (Mally. J. and Stone, T,W., CNS Drugs, 1998, 10, 311-320). 

Adenosine is a naturally occairring ptaine nucleoside which has a wide variety of well- 
15 documented re^latory functions and physiologtcal effecte. The central nervous system 
(CNS) effects of this endogenous nucleoside have attracted particular attention in drug 
discovery, owing to the therapeutic potential of purinergic agents in CNS disorders 
(Jacobson, K:.A. et al, J. Med Chem. 1992, 35, 407-422), This therapeutic potential has 
Insulted in considerable recent research endeavour within the field of adenosine receptor 
20 agonists and antagonists (Bhagwhat, S.S.; Williams, M. Exp. Opin. Ther. Patents 1995, 
5,547-558). 

Adenosine receptors represent a subclass (Pj) of the group of purine nucieotide and 
nucleoside receptors known as purmoi-eceptors. The main pharmacologically distinct 
25 adenosine mceptor subtypes are known as Aj, Asa, Aau (of high and low affinity) and A3 
(Fredhoim, B.B., et al, Pharmacol Rev. 1994, 46, 143-156). The adenosine receptors are 
present in the CNS (^m^olm,B3,, News Physiol Sci, 1995, 10, 122-128). 

The design of Pj receptor-mediated a^nts h^ been reviewed (Jacobson, K.A., Suzuki, R, 
30 Dm§ Dev, Res., 1997, 39, 2S9-300; Baraldi, P.G. et al., Curn Med Chem, 1995, 3, 707- 
722), and such compoimds are claimed to be useful in the treatment of cerebral ischemia or 
neurodegenerative disorders, such as ParMuson's disease (Williams, M, and Bumstock, G, 
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Purinergk Approaches Exp. 77ter. (1997), 3-26< Editon Jacobson, Keiittetli A.; Jarvis, 
Michael R Publisher : Wiley-Iiss, New York, N.Y.) 

It has faeea speculated that xatithitie derivatives such as caffeine may offer a form of 
5 treatment for attentjon-deftcit h^ractivity disorder (ADHD). A number of studies have 
demoBstrateci a beneficjal effect of caffeioe or controffiug the symptoms of ADHD 
(Garfinlcei, B.D. et at. Psychiatry, 1981, 26, 395-401). Antagoaism of adenosiBe receptors 
is thought to account for the maiority of ihe behavioural effects of caffeine in humans and 
thus biockiide of adenosine A2A receptors may account for the observed effects of caffeine 
10 in ADHD patieirts. Therefore a selective A2A receptor aiuagonisi may provide m effective 
treatoient for ADHD but without the unwimted side-effects associated witli caixent therapy. 

Adenosine csceptoi's have hem lecogmsed to play ati important role in regulation of sleep 
patterns, and indeed adenosine antagonists such as caffeine exert potent stimulant effects 
15 and can be used to prolong wakefulness (PtH-kka-Heiskanen, T. et aL, Science, 1997, 276, 
1265-1268), Recent evidence suggests that a substantial part of the actions of adetiosine in 
isgulating sleep is mediated throu^ the adenosine Asa i"eceptor (Satoh, S., et {d., Proc. 
Natl Acad. Set., USA, 1.996), Thus, a selective A^a. receptor antagonist may be of benefit in 
counteracting excessive sleepiness in sleep disorders such as hypersomnia or narcolepsy. 

20 

E has recently been obsen'ed that patients with major depression demonstrate a blunted 
response to adenosine agonist-induced stimulation in platelets, suggesting that a 
dj^gulation of Aja receptor function may ocojr during depression (Berk, M. et ai, 2001 , 
Eun NmropsycJwpharmacol. 11, 183-186). Experimental evidence in ajumal models has 
25 shown that blockade of A2A receptor ftmction confers antidepressant activity (El Yacoubi, 
M et ai. Br, J. Pharfnacol 2001, 134, 68-77). Itius, Asa receptor antagonists may offer a 
novel therapy for the tipeatment of major depression and other affective disorders in 
patients. 

30 The phainaacoiogy of adenosine Asa receptois has been reviewed (Oajmi, H . Fredholm, 
BB.TreftdsPJmNnacol. Sci 1996.17(10) -64-372) One poteatial iiiidcWymg mcchani-yn 
in the aioje mentioned tu\L.rt ^. 01 j ioxertv-pt dib.?idctN bv fhc blockade of A- adtjunsjrc 
receptors is the evidence of a tunctional imk i)etwecn adenosine Aa\ leceptois to dopamnu 
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Dt receptors in the CNS. Some of ihe early studies (e.g. Ferre, S. et aL, Stimulation of 
high-affinity adenosine receptors decreases the affinity of dopamine Dz receptors in rat 
striatal membranes. Proc. Natl Acad. Set. ir.S,A. 1991, 88, 7238-41) have been 
summarised in two more recent ^cles (Ftixe, K, et al., Adenosine Adenine Nuclwtides 
5 Mot Biol. Megr. Physiol, [Proc int. Symp,], 5th (1995), 499-507. Editors: Belardinelli, 
Luiz; PfeUeg, Amir, Publisher: Kluwer, Boston, Mass.; Ferre, S. et al.. Trends Neitmsd. 
1997, 20, 482.487). 

As a resaU of these investigations into the functional role of adenosine A?.^ receptors in the 
10 CNS, especiaiiy in vivo studies linking Aa receptors with catalepsy (Ferre et al, NeuroscL 
Lett, 1991, 130, 162-4; Mandhane, S.N. et al, Eur. J. Phanfmcol 1997, 328, 135-141) 
iavestigaUons have been made into agents which selectively bind to adenosine Asa. 
receptors as potentially effective tteatments for Parkinson's disefae. 

15 While many of the potential dmgs for treatment of Parldnson's disease have shown benefit 
in the treatment of movement disorders, an advantage of adenosine Aja antagonist therapy 
is that the underlying neurodegenerati ve disorder may also be treated. The neuroprotective 
effect of adenosine Asa antagonists has been reviewed (Ongini, E,; Adami, M,; Ferri, C; 
Bertorelii, R., Am. K Y. Acad ScL 1997, 825(Nenroprotective Agents), 30-48). in 

20 particular, compelling recent eAidojce suggests that blocitade of Aja receptor fraction 
confers neuroprotection against MFfP-induced neurotoxicity in mice (Chen, J-F„ /, 
NeuroscL 2001, 21, RC143). In addition, several recent studies have shown that 
consumption of dietary caffeine, a known adenosine Aza receptor antagomst, is associated 
with a reduced risk of Parkinson's disease in man (Ascherio, A. et al, Atm Neurol, 2001, 

25 50, 56-63; Ross G W, et al, JAVM, 2000, 283, 2674-9). Thus, Aza receptor antagonists 
may offer a novel treatment for conferring neuroprotection in neurodcgen^ative diseases 
such ^ Parkinson's disease. 

Xanthine derivatives have been disclosed as adenosine Az receptor antagonists as useful for 
30 ti3sating various diseases cansed by hyperfuactiomng of adenosine Aj receptons, such as 
Parkinson's disease (see, for example, EP~A-565377). 
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One promineat xanthine-derived adenosine A^a selective antagonist is CSC [8-(3- 
cMoro8tyryl)caffeine] QaQOhson et al., FEBS Lett, 1993, 323, 141-144), 

Theophylline (i,3-dtmethylxaiithiaeX a bronchodiiator drag which is a mixed autagonist at 
5 adenosine Ai and Asa tecepte, hi^ been stadied clinfcally. To detetmine whetiier a 
formulation of this adenosine leceptof antagonist would be of value in Parkinson's disease 
an open trial was conducted on 15 Parkinsonian patients, treated for up to 12 weeks with a 
siow release ami theophylline preparatjon (150 ing/day), >'ielding seram theophyllme levels 
of 4.44 mg/L after one week. The patients exhibited significant improvements in mean 
10 objective disabihty scores and 1 1 reported moderate or marked subjective improvement 
(Mally, J., Stone, T.W. J. Phann, Pharmacol. 1994, 46, 515-517). 

JCF 17837 !;(E)-8-(3,4-diinethoxystyryl)-l,3-dipi'opyl-7-methylxanthine.l is a selective 
adenosine A2A receptor antagonist vs^htch on oral adniinistratioa significantly ameliorated 

15 the cataleptic r^<iponses indaced by inttacerebroventnc«lar adminisli'ation of an adenosine 
A2A receptor agonist, CGS 21680. KF 17837 also reduced the catalepsy induced by 
halopeiidol and i-eserpine. Moreover, KF 17837 potentiated the anticataleptic effects of a 
sahthteshoid dose of L-DOPA plus benserazide, suggesting that KF 1783? is a centrally 
active adenosine A^a receptor antagonist and feat the dopaminer^c function cf the 

20 nigrostriatal pathway is potentiated by adenosine Asa receptor antagonists (Kanda, T, <?? aL, 
Eur. J. PhannacoL 1994, 256, 263-268), The sti-uctiire activity relationship (SAR) of KF 
17837 has been pahiished (Shinuida, J. et aL, Bioorg. Med. Chem. Lett. 1997, 7, 2349- 
2352). Recent data has also been provided on the Asa receptor antagonist KW-6002 
(Kuwana, Y et at, Soc. NeuroscL Abstr. 1997, 23, 119.14; and Kanda, T. et aL, Aim, 

25 Neurol 1998, 43(4), 507-513). 

New non-xanthine stnictures sharing ttiese pharmacological properties inclnde SCH 58261 
and its derivatives (Baraldi, P.G. et ctl., Pyrazolo[4,3-e3-l,2,4-tdazolot,l,5-c3pyriinldine 
Derivatives: Potent and Selective Aja Adenosine Antagonists. /. Med Chem, 1996, 39, 
30 1164-71). SOI 58261 (7K2-phenylethyI)-5-ainino~2-C2-furyI)-pyrazolo-[4,3-e]-l,2,4- 
triaKOlo[l,5-c3 pyrimidine) is reported -m effective in the treatment of movement disorders 
(Ongini, B. Dmg Dev, Res. 1997, 42(2), 63-70) and has been followed up by a later seiies 
of compounds (Baraldi, P.O. etal., J. Med. Chmi. 1998, 41(12), 2126-2133). 
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Hje foregoing discussion indicates that a potentiaily effective treatment for movement 
disorders m hamans wo»ld comprise agmts which act as antagonists at adenosine Aja. 
receptors. 

5 

It has now been found that pyttoio[23-d3pyriimdine derivatives, which me stmcturally 
onieiated to known adenosine receptor antagonists^ exhibit unexpected antagonist binding 
affinity at adenosine (Pi) receptors, and in particular at the adenosine Aja receptor. Such 
compounds may therefore be useful fm the tttfatment of disorder? in which the blocking of 
10 purine receptors, particularly adenosine receptors and more particularly adenosine Am 
receptors, may be beneficia]. In particular such compounds may be suitable for the 
treatment of movement disorders, such as disorders of the basal ganglia which result in 
dyskinesias. Disorders of particular interest in the psssent invention include Parkinson's 
disease, Alzheimer's dise^e, spasticity, Huntington's chorea and Wilson's disease. 

15 

Such compounds may also be particularly suitable for the tisatment of depi-ession, 
cognitive or memory impairment including Alzheimer's disease, acute or chronic pain, 
ADHD, narcolepsy or for nemoprotection. 
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According to the present mvention there is provided the use of a compound of formula (I); 




a) 

5 wherdn 

Rj is selected from alkyl, alkoxy, aryioxy, alfcylthio, aryltMo, aryl, halogen, CN, NR^Rg, 

NRsCOR?, NR6CONR7RS, NR6CX)2R9 and NReSO^Rs; 
R2 is selected from aryl attached via m unsatm-ated carbon; 

R3 and R4 are independently selected from alkyi, halogen, alkoxy, allcylthio, CN and 
10 NRtRs; 

R5 is selected from H. acyclic alkyl CORg, CONR7RS, CONR^MItRs, CO2R9 and SOsRg; 
R(„ R7 and Rg are independenily selected from H, alkyl and aryl or where R^ and Rsj ai'e in an 
NR7RS group, R7 and Rg may be linked to form a heterocyclic group, or where Rs, R7 and Rg 
axj in a (CONRgNR,7R8) group, R« and R7 may be linked to fom-j a heterocyclic gioup; md 
15 R$ is selected from alkyl and aryl, 

or a phaimaceuticaliy acceptable salt or prodrug thereof, in tiie manufacture of a 
medicament for the tjeatoient or prevention of a disorder in wliich the blocking of purine 
leceptors, particularly adenosine receptors and mwe particulariy Aja receptors, may be 
beneficial. 

20 

As used he^in the term "alkyl", uaaJess ofhervtise stated, means a branched or unbranched, 
cxclic or acyclic, saturated or unsaturated (e.g. alkenyl or alkyiiyl) hydroLiiiby] itidical which 
may be substituted or unsub'^tituted. Where cyclic, the alkji group is preferably C? to C52. 
more preferably C5 to C. mc!0 ^icifiuVs C< or C~. W here ac>ciic. thv aikjl group 
25 pa^fecably Ci to Cio, more pietciLbl) C to Cj r-iotc pi(,TcK5Pl\ methyl, ethyl, propyl (u- propyl 
ot jsopriipvl). bat>l (^i^hutyl, isobutji or tertiar>'-buiyl) or pcntyl {irtcludmg n-pcntvj and iso- 
pentyl), more preferably methyl, it will be appreciated tlieiefore that the temi "alkyl" as used 
heaein, unless otherwise stated, includes alkyl (branched or unbranched), alkenyi (branched or 
unbraached), alkynyl (branched or unbranched), cycloalkyl, cycloalkenyi andcycioalfcynyl. 
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As used herem, the team "lower alkyf means me&ylj ethyl, psagyl (n-ptopyi or isopropyi) or 
butyl (n-butyl, isobutyl or tartiaty-butyl). 

5 As used herein, the term "aryl" meaas an soomatic group, such as pbesnyl or naphthyl 
(preferably pheayl), or a heteroiffomatic group containmg om or mots hetsroatomCs) 
ptefembly selected from N, O and S, such as pyiidyj, pyrcoiyl, gmttolinyi, fmmyl, thieny!, 
oxadiazoiyi, thiadi<^zolyl, thiazoiyl, oxazolyl, isoxazoiyl, pyrazolyl, trtazolyl, imidazolyl, 
pyiimidinyl, indolyl, pyraziny! or mdazolyi, 

10 

As used herein, the lerm "heteroiuyl" means an aromatic group containmg one or more 
Iieteroatom(s) preferably selected fen N, O and S, such as pyrldyl, pyrroiyl, quinoHftyl 
foranyl, tfaieivyl, oxadiazolyl, thiadtazolyl, thiazolyl, oxa?<olyi, isoxazolyi, pyrassolyi, triassolyl, 
injidazoiyl, pyriimdinyi, indolyL pyrazinyl or indjEsolyi. 

15 

As used herein, the temi "aon-aromatic heterocyclyr means a noti-aroniatic cyclic ^up 
containing one or more heteroaU>m<g) preferably selected from N, O and S, such as a cyclic 
aauno group (inctodrng axindinyl, azetidinyi, pyrroHdinyl, piperidyl, piperazinyl, 
inorphoimyi) or a cyclic ether (including tefcEahydrofumnyl). 

20 

As used herein, the temi "aikoxy" means alltyl^-. As used herein, the term "aiyloxy" means 
aiyl-O-. 

As used herein, the tem^i "halogen" means a fluorine, chlorine, bromine or iodine radical. 

25 

As used hei«in, tlie term "oitho^oiiiio-disubstituted aryl groups" refets to aryl groups whidb. 
are substituted in both catho petitions of tiie aryl group relative to the pomt of attachment of 
tiiie aryl group to the pyrimidine ting. 

30 As \md herein, flte term "piodmg'* means any phannaceutically acceptable prodrug of a 
compound of the present invention. 
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Where any of to R15 is selected from alkyl, alkoxy and thioalkyl, in accordance with 
fotmula (I) as defined above, then that alkyl group, or the alkyl group of tiie alkoxy or 
thioalkyl gnsup, may be snbstitated or ussubstituted. Where any of Ri to Ru are selected 
from ajcyi, aryloxy and thioaryl, in accordance with formula Q) as defined above, then 8aid 
aryi group, or the aryl group of the aryloxy or thioaryl group, may be substitcted or 
unsubstituted. Where R? and Rg, or R« and R7, are linked to form a heterocyclic group, &e 
heterocyclic group may be substituted or unsubstituted, Wh^ substituted, there will 
geamOy be 1 to 3 siibstituents present, preferably 1 substituent. Substituents may include: 
cajiwn-contaifling gfoups such as 
aikyl, 

atyl, (e.g. sobstituted aiid onsubstitiited phenyl (MdudSng 

(alkyl)phenyl, (alkoxy)phenyl, (alkyl- and ai-yl- 
sulfonykmino)phettyl and halophmyl), 

arylalkyi; (e,g. substihited and unsubstituted benzyl); 
halogen atoms and faalogfai containing groups such as 

haloaJkyl (e.g. tdfluotomethyl), 

haloaiyl (e.g. chlotophenyl); 
oxy^n containing groups such ^ 

alcohols (e.g. hydioxy, hydroxyaikyl, hydtoxyaryl, 
(ar>'l)(hydioxy)alkyl), 

ethers (e.g. alko.xy, aryloxy, alkoxyalkyi, aryioxyalkyl, 

alkoxyarj'l, arjioxyaryl), 

aldehyties (e.g. carboxaldehyde), 

ketones (e,g. alkylcarbonyl, arylcarbonyl, alkylcarbonyialkyl, 
alkyicaiiionylfflryi, arylcarbonylallsyl, aryicarbonylatyl, 
arylalkyicstfboayl, arylalkyicarfoonyialkyl, 
arylalkylcarbonylaryl) 

acids {e.g. catboxy, carboxyalJcyl, carboxyaryl), 

acid derivatives such m emm 

(e.g. alkoxycarbonyi, ar>']oxycarbonyI, 

aifcoxycarbonyialkyl, ai> Inx yoni bonyl allsyl . 

aikoxyearbonykryi, aiyloxycai-bonylaryL 
dkyleaibonyloxy,aikyicarboiiyioxyalkyi). 
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(e.g. anjinocarbonyl, mono- or di-aIkylaxai»ocarboayi, 
cycHcaminocarboay!, aminocarbon>4alkyI, mono- or di- 
alkylarmnocarbonylalkyl arylanimocarbonyl or 
5 arylalkylammocarboftyl, alkylcarboaylaaiino, 

arylc»:bonylairnno or aryiaUcylcarbonylamino), 
carbamates 

(eg. alkoxycmbonylamino, aryloxycarbonylaiiimo, 
aiylfilk\'loxycarboRylaTBino, amiTtocm-bonyioxy, mono- 
10 or di- alkylaniinocarbonyloxy, arylaininocarbonyloxy or 

aryialkylaimnocarboftyioxy) 

(eg. moaio- or <S-aIkylaimn.ocarbonylammo, 
arykminocarboiiylajEHino or 
15 aiylalkyiauiinocarbonylamiao); 
nitrogen contaimiig groups such s& 

atnifites (e.g. mam, mono- or dialkyiamino, cyclicamino, 
aiylamlno, aiBinoalkyi, mono- or dialltylarainoaikyi), 

20 nitriies (e.g. cyano, cyanoalkyl), 

mtm, 

soifonamides (e.g. arriinosulfoByl mono- or di-alkylaminosiilfonyi, 
mono- or di-aryiarfitinosulfojiyl, alkyi- or ar>4- 
suifoBylmnino, alkyl- or ar>4-sa]fonyi(a1kyi)amino, 
25 dkyi-oraryl-sijifoTiyl(aryi)ammo); 
sulfur contaimng groups such as 

Jbiois, thioetfeei-s» sulfoxides, and sulfones 

(e.g, alkyUhio, aikylsulfinyl, alkylsulfonyl, 
alkyithioallcyi, alkylsulfinylalkyl, alkyisulfonyialkyl, 
30 aryltMo, ar>'ls«ltmyl, aryisuifonyi, aryltMoal^l, 

aryimlfinyIaiky4,aryisuJfo»ylalkyi) 
and hete«3cyciic groups containing one or wxm, preferably one, heteroatom. 
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(e.g. thienyl, itonyl, pyrroiyl, irtiidazolyl, pyrazolyi, 
thiazoiyl, isothiazolyl, oxazoiyi, oxadiazolyl, 
tfaiadiazolyi, adridinyl, azettdinyl, pynolidinyl, 
pynroHnyU iimdazoiidinyl, imidazoiiayl, 
5 pyi^oiidinyl, tetrahydrofuratiyl, pyraiiyl, pyronyl, 

pyridyi, pyrazinyl, pyildazinyi, piperidyl, 
hexahydroazepinyi, piperazinyl, moi^feoimyl, 
thijaiaphthyl, benxofuranyJ, isobenzofumiyl, mdol>'}, 
oxyindoiyl, isoindolyl, mdazolyl, indolmyi, 7- 
10 azaindolyl benzopyranyl, coumadayi, isocoomaiisiyi, 

qutnoHnyl, isoquinoimyl, naphtliddmyl, cinnoiiiiyi, 
quinazoJinyl, pvTidopyiidyl, benzoxaziiiyl, 
qumoxaMnylj cferomsnyl, chromaiiyl, Isachromanyi, 
phthalazitiyl and cart>oU»yi), 

15 

Where any of Ri to Rjs is selected from aryl or from an aryl-contalning group s«ch as arybxy 
C€ aryltiiio, pieferred substituent gmup(s) are selected from halogen, alkyi (substituted ot 
unsubstituted; and wheiie substituted particularly from aJltoxyalkyl, hydroxyalkyl, aminoalkyl 
md haloalkyl), hydroxy, alkoxy, CN, NOz, ainines (i«c^«dmg amino, mono- and di- 
20 alkylamino), alkoxycaibonyl, arainocaibonyl, carboxamido, suifonaraido, 
aikoxycarbonylaiBino and aiyi, and piaticuiarly from unsubstituted alltyl, substitoted aJkyl 
(indudirig a&oxyaikyi and mninoalkyl), Mogen and amines. 

In one embodiment, where any of Rj to Ris is directly substituted by an tdkyl substitueHt 
25 group, or by an alkyl-containlng substituent ^x>up (such as aikoxy or iilkykaiix>nyiaimBo for 
example), then tbe alkyl nioiety of the sul^tituent ^up directly attached to any of Rj to Rjj 
may be further substituted by the substituent groups hereinbefore described and particularly by 
halogen, hydroxy, aikoxy, CN, amines (including amino, mono- and di-aJkyI amino) and atyl 

30 In a further embodiment, whesre any of Ri to R15 is dirsctiy substitiited by an aiyl substitutent 
group, or by an aryl-containing substituent ^up (such as aryloxy or aiTiamiftOcarbonj^amino 
for example), then fee aryl moiety of the substituent group directly attached to any of Ri to Rjs 
may be further substituted by the sobstitaent groups hereinbefore described and particularly by 



12 



haiogen, alkyl (substituted or unsabstituted; and where siibstitiited particalariy fTom 
alkoxyalkyi, hydroxyaJkyl, aminoalj^d and Moalkyi), hydroxy, aiteoxy, CN, NO2, amines 
{including msim, mom- and di-aHtylamino), alkootycasbonyl, affiiuocarbonyi, caiisoxainido, 
siilfonamido, aBcoxycarbonyianiiiio and aryl In a furtte embodim«at, said aryi moiety is 
5 sabstiUited by baiogm, aikyi (mdudisg CF3), hydroxy, alkoxy, CM, aimnes (incMng asnaio, 
mono- aad di-alkyi mmo) md NO3. In a further embodiment, said aryl moiety is substituted 
by uasubstituted alfc^l, substituted alkyl (particularly alkoxyalkyi and ananoallgl), halogen 
and amines. 

10 The terms "t^ffictly substituted" and "dtrectly attached"', as used herein, mean that the 
substituent group is bound directly to any of Ri to R15 without any intervening divalent atoms 
or groups. 

In the compounds of fonnula 0), Rj is selected from alky! (including branched and 
15 unbranched alkyl, substituted and onsubstitated alkyl, and cyclic and acyclic alkyl), aUsoxy, 
aryioxy, alkylthio, aryithio, aryl (including heteroaryl), halogen, CN, NRv^s (including 
NH2, mono-alkj'lanaino and di-alkylamino), NKgCOR?, NRsCONRtRs, NReCOjRs and 
NR6SO2R9. 

20 Wliere Rj is selected fixsm alkyl, alkoxy and alkylthio, that said alkyl group or the alkyl group 
of the alkoxy or alkylthio is pi-eferably selected from Cro alkyl (including bnuiohed and 
unhimched alkyl, substituted and unsubstituted alkyl, and cyclic and acyclic aOc)'!), preferabiy 
sattnated Ct-6 alkyl, and more preferably lower alkyl In one embodimcni, R] ih selected from 
substituted alkyl, particuiariy haloalkyi (including CF3) and arylaikyl (including 

25 heteioarylalkyl), and parttculady haloalkyi (including CF3), 

Wliei» Ri is selected fiom NR^COR?, NRfiCONRvRs, NRgCOaEs and NRsSO^Rs, pB&fetably 
Re is H or alkyi, and preferably H. 

30 It is piBferred that Rj is selected frcm alkyl, alkoxy, tbioaJkyl, NRtRg Concluding NH2), 
NRgCOR?, NR6CONR7R8, NR<sC02R9 and NReSOsR?, and preferably from NR^Rs 
ancludittg NHa), NRsCOR?, NR^sCONRtRs, NR6CO2R9 and NRgSOaRg, mom preferably 
fmm NR7R8 (including NIfe), and mace preferably ftom NHb. 
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Ih fee compouads of fomiula (1), R2 is selected fiom aryl (includuig heteioaiyl) attached via an 
onsaturated carbon atom. R2 may be substitoted or unsubstitated, ft^ferably, Ra is a 5- or 6- 
meiBbeted moBocyciic aryl group. 

5 

It is prefensd that R2 is tjot iui oitho,ortho-<iisubstit«ted aryl group, Prefembly, Ra h not 
substituted at an ortibo position lelative to the point of attachmeM of the aryl group to the 
pyrixnidineijng. 

iO Brefsrabiy, R2 is selected from substituted or unsiibstituted heteroaryl attached via an 
imsaturated caiboti atom, 

Prefembly, R2 is a heteroaryl group which is attached to the pjiimidine ring of forximk 0) 
such that at least one heteroatom is adjacent to fihe unsaturated carbon atom attached to the 
i 5 pytiaiidiiie ring. Pcefeably, R2 is an N, O or S-containing hetetxjaryl ^x>up, coiitamiiig one or 
more hete»atom(s) selected fix>m N, O and S. 

In a pre&raed embodiment, is selected from ftnyl (including 2-faryl), thienyl (including 2- 
thienyi), pyridyl (including 2-pyridyI), duazoiyi Oncludmg 2- and 5- ihiazoiyi), pyrazolyi 

20 (including 3-pyrazolyl), hiamlyl (including 4-bia5!;olyI), pynolyl (including 2-pyrrolyl) and 
oxazolyi (including S-oxazolyl). in a fur^er embodiment, i.s selected from 2~furyL 2- 
thienyl, 2-thiazolyl, 2-pyiidyl 3-pynizoiyl, 2-pynx>iyl, 4-triazoiy! and 5-ox.as:olyl In a fmther 
prefen^d ejBbodiment, R? is selected from funi, thienyl, pyddyi, thit^zoiyl aiid pjTazolyl, and 
particnlai-iy from 2~fm->i, 2-thieny1, 2-t!iiazol>i, 2-pyridyl and 3-py.imolyi In a further 

25 embodiment, R2 is selected from fur>i, tMenyl and pytidyl, preferably 2»furyi, 2-thienyi and 2- 
pyridyi, and more preferably from 2-furyL 

In a particularly psfeired embodiment, R2 is ftsryl, and preferably 2-fm-yi. 

30 Jn die compounds of foimuk CO, R3 and R4 are independently selected from H, alfcyl 
(including branched and unbrancbed alkyl, substituted and unsubstituted aikyl, and cyclic and 
acyclic alfcyl), halogen, alkoxy, a&yltlao, CN and NRyRg. 
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Wh^ Rs ajid R4 are independently selected fosm alkyl, alkoxy and alkylthio, then said Mkyl 
^oup or the aBcyl group of the alkoxy or aUoflthio is pieferably selected from Cj-^ alkyi 
(includiflg btanched aad imiwaoched aliq,4, substituted and. unsubstitatsd aUcyi and cyclic and 
acyclic alky!), preferably saturaeed Cj-g alkyl, and moie preierably lower aikyl, 

5 

Pc&fer ably, R3 and K4 aj» independently selected from hydtogen. 

In the compounds of fonnuia (1), Rs is selected frorn H, acj'cisc aikyl (jncUidittg branched and 
unbranched alksd, and siil^stitated md unsubstituted aikyl), CORg, CONR7RS, CONR6]:^117Rk> 
10 COaR^andSOzRs, 

Whew R5 is seiected from CONRyRg, R7 and Rg are selected from H, aikyl (itTciudmg 
substituted ailcyl such as arylalkyl (inciading hetmjarylalkyl)) and aryl (indiiding beteroarj'l) 
or R7 and Rs may be linleed to form a heterocyclic ring. In a prefened embodSment, R? and Rs 
15 are selected ftom H» unsvjbstituted alkyl, aiylailcyl (including heteroarylaikyl) and aryl 
(including heteroaiyl). Said aryi groups may be substituted or uasubstituted. Jii a ptiefened 
embodiment one of R? and Rg is hydrogen. Iti a fbi^er preferred embodiment, R? is H and Rs 
is selected feom arylaStyl (inciading hetetoarylaJkyl), preferably arylmethyl (including 
heterom^ethyl). 

20 

Where Rs is selected from myclic aikyl, it is pn;ferabiy Ci-s acyclic aikyl (including alkenyl 
and alkyayl). In one embodiment, R$ is seiected from saturated acyclic aikyl, preferably 
lower alljyL 

25 In one embodiment, R5 is selected ftom substituted acyclic allsyi (including saturated acyclic 
aikyl and alkenyl). Bsferred substituents are aryl (including heteioaryl), cycloalkyi, non- 
aiomatic heterocyclyl, CO^, CONR7R3, COHR<sNR7R8 and C(-MRe)NR7Rs, preferably aryl 
(including heteroaryl) and CQNR7R8, and more preferably aryl (including heteroaryl). 

30 Where 3S ^ejected from acyclic aikyl substituted by aryl (including hctcjoarvl), the aryl 
fincludjng hi^teiX>ar>l) group inav substituted or unsubstiwted, pieft,r<ibly substituted, 
PiCtCHCd aiyl gTiiups aiv Ui^cus-^eo bv.=!ov^ H'lh icgaui to tlic group Rn- Pixjferably, the aryl- 
substituted acyclic aikj'l is an aiy!-subi>uiuted meriiyi gioup. 
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In one embodimeat, R5 is selected from (CRioRu)nRi 2 wheim 11 is 1 to 6 (preferably n is 1), 
RiO and Rij are mdepeiideirtly selected from H, alkyl and aryl, and is selected from aiy! 
(including lietemyl), cycioalkyi, non-aromatic heterocyclic, COiRa, CONRtRs, 
CONRfiNRTRg and C(~NR6)NR7Rs. Preferably, R12 is selected fmm aryl (including 
5 heteroaryl) and C0NR7R«, and moie preferably from aryl (indudfng heteroaryl). Preferably 
Rio and Rn ai^e indepeadeiitly selected from H and alkyl, more preferably H. 

Where Ri2 is selected from C0^iR.7Rg, R7 md Rs am selecSed from H, alkyl (iiiciudmg 
substituted alkyl such as aryialkyl (including hetei»arylaik>4)) and aryl (incKiding heteroarj'l) 
10 or R7 and Rg naay be linked to fojEm a heterocyclic ring. In one embodiment, R? and are 
selected from H, iinsubslituted ^yl, aryialkyl (inclnding heteix>aty.Ui1kyi) and aryl (including 
hetefoar>i). Said ar>'3 groups may be substituted or unsubstituted. In a preferred embodiment 
one of R7 and Rg is hydrogen. 

15 Where is selected from aryl (including heteroaryl), the aryl group may be unsubstituted or 
substituted, and is preferably substituted, hi a prefmed embodiment, Rj2 is selected from 
mono-, di- or tri-substitated atyl (including heteroatyl) groups. Where R12 is heteroanyl, Ru is 
pnefembly selected ftom mono or bicycJic heteroaryl groins, moie pnaferably from p>'ndyl 
(includSng 2-pyTidyl, 3-pyridyi and 4-pyridyt prefe3:abiy 2~pyridyl), indolyl (including 2- 

20 indolyl, 3~indolyl, 4-indoIy1, 5~indolyi, 6-iitdoiyl aud 7-indoiyi), ftiryl (including 2-for>i and 3- 
frHyl, preferably 2-fuiyi), thienyl (including 2-tMenyl and 3-tiiienyi, pi^ferably 2-tMenyl), 
isolndolyi, indoiinyl, isoxazolyl, oxazolyl, thiazolyi, pyrazinyl, pydmidinyl, quinolinyl, 
benzoxadiazolyl, benzothiadiazolyl, benzotriazolyi, indazolyl, benzodioxoiyl and 
dihydi-obenzofuranyL more preferably from pyridyl (preferabiy 2-pyridyl), indolyl, turyi 

25 (prefembly 2-fmyl) and Ihienyl (preferabiy 2-thienyI), and most pxisferably trom pj-ridyl 
(preferably 2-pyridy}), furyl (pieferably 2-ftiryi) and thienyl (prstembly 2-thienyl). .Preferably, 
Rj2 is selected from phenyl, thienyl, fuiyl and pyridyl, mare preferabiy fh>m phenyl, 2~thienyl, 
2-furyl and 2-pyiidyL 

30 hi one embodiment, R12 is selected from mono-, di- or td-substiMed aryl (including 
hetero^yi) groups leptesented by the fcamnla Ar(Ri2X(Ri4)f>(5ii5)c wherein Ar is an aryl 
(including heteroaryl) group, {»eferabiy selected from the preferred aryl groups described 
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above for Rj2; wherein R14 and Rjs are substitueni; gi»up(s), the same csr different; and 
wberein a, b mid c ate 0 or 1 such tfeat a+b+c >1, 

The substiUient groups Rjj, Rh a«d R15 may be selected &o»i a»y of ttie substitaejit gfovjps 
5 described hsxsm above. 

hi a prefensd embodhnent, Rts, R{4 and Ris aie selected from MR.7R8 (including NH2, ai\d 
NHR7) alicyl (sabstitated car unsubstituted; prefasbly acyclic alkyi), alkoxy (including 
fluojoaikoxy). halogen (including F, CI, Br and I), NO2, CK, hydroxy, MiOH. CHO, 
10 CX>NR7Rs, CO2R7, NR6COR7 (preferably NHCOR7), m^OzB^i (pMerably NHCOsR,)), 
NR15SO2R9 (pt^fexably NT-ISOaRc,), OCO^Rci and aryi (including hetemaryl). 

In a more preferred embodiment, R^, Rk aj>d Ri$ are selected txm NR7RS (including Mi2 
and NHR7), alkyl (substituted or imsubstituted; and piefembly Cj^ acyclic saturated alkyl) and 
1 5 halogen (pteferably F or CI, particuiarly JF). 

Ift a particularly piefected embodiment, R13, Ri4 and Ris aa» selected &om NR7R8 (including 
Wiz and NHR?, preferably NHa) and alkyl (substituted cs" unsabstituted; preferably 
acyclic saturated alkyl). 

20 

Where R13, Ru and R15 are selected fixjm substituted alkyl, said alkyl is prefembly selected 
from, alkoxyalkyl, hydroxyalkyl, aminoalfcyl (including NH2-aikyi, tnono-alkylaminoalkyi and 
di-alkylaminoalkyi), haloalkyl (particukyrly fluoroaik>'! (including CF3)), cyanoalkyk 
alkyitWoaEcyl, alkyicai-boxyaininoalbfi a&oxyctutonylainijioalkyi and aJkylsulfonylaniino, 
25 more preferably fmm alkoxyalkyl, hydroxyaikyl, aminoalky! and haloalkyl (particularly 
fiuoroalkyl (inclisding CF?)) and most pmferably irom alkoxyalk>'i aiid aniinoalkyl 

In one embodiment, the substituent groups R13, Rw and Rjs am selected from halogen, alkyl 
(Including CF3), hydroxy, alfcoxy, alkyldiio, CN, amines (including anaino, mono- and di~alkyl 
30 amino) and NO2. 
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& a preferred embodiment, Rg is selected from H and substituted acyclic alky!, preferably 
wherein said acyclic alkyi k sufestituted by arjl (including hetea-oaiyl) or COlSfR^Rg. 

& the compounds of f<mmU (0, R7, Rs, Rio snd Ru my independently selected fcom H, 
5 aikyl (including branched and imbranched aikyl, sabstitated and ansubstitiJted alkyl^ cyclic 
md acyclic alkyl) and aryl (incloding hetejfoajyl) or \vhst& R7 and Rg am in any HRtRs groi5p 
R7 and Rs iDay be linked to form a heterocyclic group, or where R^, R7 and Rg are in a 
(CONRsNRtRs) group. Re and R7 may be linlssjd to form a helmxiyclic group. 

10 In the compounds of fommla (T), Rci is selected from dlkyl (including branched and 
imbranched aUcyi, substituted and unsubstituted alkyl, cyclic and acyclic aikyl) and aryl 
(including heteix>ars?l). 

Wheie Re to Rn are independently selected from alkyl, preferably R<5 to Rij are selected firm 
15 Cr« alkyi, piieferabiy Cr<s saturated alkyl and mote prderably from lower alkyl. 

Where R7 md Rg, or and R7, at^e linked f» form a heterocyclic ting said heterocyclic ring 
may be saturated, partially unsatoi-ated or ajx>ms^c, and is preferably saturated. Said 
heterocj'cMc ring is pMerably a 5, 6 or 7-membeiTed ring, preferably a 5 or ^-membered ring, 
20 and may contain one or mm-Q further he{eroatom(s) preferably selected fmm N, O and S < 

In a prefeixed embodiment, Ri is NH2, R2 is 2-furyI, Rs and B4 are H and R5 is arylmethyl 
(including hetematylmediyi). 

25 In a partioularly piefened embodiment of the invention, tiie compound of foonuia (I) is 7~(2- 
tluoroben2yl)-4-(2-fijryl)-7H>^pyrTOlo[2,3-d]pyrimidine-2-araine, 

Where chiral the compounds of fomiula (0 may be in the form of a tacemic mixtcffe of pairs 
of enantiomers or in enantiomericMly puie form, 

30 

According to a ftjrtiier aspect of the present invention diere is provided a method of treating 
or preventing a disorder in which the blocking of purine receptors, particularly adenosiiie 
receptoi^ and mote particularly adenosine A^a receptors, may be beneficial, the method 
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comprising administration to a subject in need of such ti^atmest an et!ec;tive dose of a 
compound of fonnula (I) a pharmaceutically acceptable salt or prodrug thereof. 

Ths disorder may be caused by the hyperftmctiomng of the purine receptors. 

5 

The present invention may be employed in respect of a human or animal subject, more 
preferably a mammal, more preferably a human subject. 

Hie di^ordeis of particular tntcrc^r ^.(. jnn^c j which the hiocUmg o{ puouc iecepi>>r<. 
10 ptuuuctilaiK jdonoimc icccpHx^ .mI s o k. ^Ma'vulifiv adenosine A.-^ 'Ct-cptins raa\ be 
bcreficjal n\eit. nu\ mtludt mosenieiu disoiders such as PaIkln^on s disca^t, drng- 
indticx^ FaiUniombra, po^J encephahnc Paifcinsomsm, Paikinsonism mduced b> poj-ionrng 
(for exan^te MPTP, manganese, carbon monoxide) and post-traumatic ParMnson's disease 
(punch-drunk syndrome). 

15 

CKher movement disoidm in which the blocking of purine iweptots, may be of benefit 
include progressive supemuclear palsy, Huntingtons dise^e, multiple system atrophy, 
corticobasal degeneration, Wilsons disease, Baiien:orden--Spatz disease, progressive pallidal 
atmphy, Dopa-responsive dystonia-Parkinsonism^ spasticity or other disorders of the basal 
20 ganglia which resuh in abnormal movement or posture. The present invention may also be 
effective in treattng Parkinson's with on-off phenomena; Parkinson's with freezing (end of 
dose deterioraiion); and Paukinsoirs witii prominent dyskinesias. 

The compounds of formula (I) may be used or administered in combination m& one or 
25 more additimd dru^ useful in the treatment of movement disorders, such as L-DOPA or a 
dopamine agonist, the components being in the same formulation or in sepairate 
formulations for administration simultaneously or sequentially. 

Other disorders in which the blocking of purine receptors, particularly adenosine leceptcMrs 
30 and more particularly adenosine A24 receptors may be beneficial include acute and chronic 
pain; for example neuropathic pain, caiicer pain, trigeminal neuralgia, migraine and other 
conditions associated with cephalic pain, primary and secondary hvi-Jcralgesia. 
infiammatoty pain, nociceptive pain, tabes dorsalis, phantom limb pain, spinal cord injury 
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pain, central pain, post-hesipetic pain and HW pain; affective disorders indudisg mood 
disorders such as bipoim- disorder, seasonal a^ective disorder, depression, manic 
depression, atypical depression and monodeptessive disease; central andpedpheral nervous 
system degenerative <Msorders including corticobasai degeneration, demyelinating disease 
5 (multiple scierosis, disseminated sclerosis), Freidrich's ataxia, motoneurone disease 
(aiTasotiophii iatcial sclcfOiis, progressive bulbar atiophj-'J multiple s^btem atiopiiy, 
mven)pati)\, Jddicuiopatli) penphcral neuropaths (diabetic neurnpaihs uibes doriiah&, 
diug inducted n£utopath> Mianun dcfiaenc)) <5\ncmii. Kpu <,nthimutMS, 
granult>matous disease ohso-ponto oerebeliai atrophj progK<isi\e pallidal au.iph'' 

10 piojii*i-vi\e supianucicai paisy, spasticitj, schi/ophrcma and lelaicd psshu<5ss, oi'gnti e 
disorders mcludn-!g demenUa Ai^ieimerbDi&ease, Frontotc.mpoiai dementia, mnlij mian.t 
dementia AIDS dementia, deraentia associated w-rtli Hunungtons X>iscti<ic 1 c\\\ body 
dementita, senile dementia, age-related memory impairment, cognitive impairment 
associated with dementia, Km^akoff syndrome, daoientia pugiians; attention disorders snch 

15 as attention-deficit hyperactivity disorder (ADHD), attention deficit disondte, mimraal brain 
dysfunction, biain-injured child syndrome, hyperkinetic reaction childhood, and 
hyperactive child syndrome; central nervous systean injury including tmimatic brain injury, 
neurosurgery (surgical trauma), neuroprotection for head injury, raised intracranial 
pressure, cerebral oedema, hydrocephalus, spinal cord injury; cerebral ischaemia including 

20 transient ischaemic attack, sti'oke (thrombotic stroke, ischaemic stroke, embolic stroke, 
haemorrhagic stroke, lacunar stj.x>ke) subarachnoid haemorrhage, cerebral vasospasm, 
neuroprotection for stroke, peri-natai asphyxia, drowning, cardiac arrest, subdural 
haematoma; niyocaitiial ischaeniia; muscle ischaemia; sleep disorders such as hypersomnia 
and narcolepsy; eye disorders such as istinal ischaemia-ieperfusion injury and diabetic 

25 neuropathy; cardiovasctjlar disord^ such as claudication and hypotension; and diabetes 
and its complications. 

Acccffding to a farther aspect of the present invention th^ is provided use of a compound 
of formula (I) or a pharmaceutically acceptable salt or prodrug thereof in the manufacture 
30 of a medicament for the treatment or prevention of movement disorders in a subject. 

According to a further aspect of the invention there is provided a method of treating or 
preventing movement disoniers comprising admiifiistration to a subject in need of snch 
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treatment an effective dose of a compound of formula (l) or a pharmaceutically acceptable 
salt or prodrug ifcereof. 

According to a further aspect of the invention thei^ is provided use of a coanpoimd of 
5 formula (I) or a pharraaceKtically acceptable salt or prodrug thereof in the manufacture of a 
medicament for neuroprotection in a subject 

According to a further aspect of the invention there is provided a method of neuroprotection 
coroprisiBg admimstration to a subject in need of such treatment an effective dose of a 
10 compound of fonnula (I) or a phamaceoticaliy acceptable salt or prodrug thereof. 

The tnedicament for or method of neuroprotection may be of use in the treatment of 
subjects who are suffering from or at risk from a neurodegenerative disorder, such as a 
movement tUsorder. 

15 

According to a farther aspect of the invention, there is provided for use in therapy a 
compound of formula {I), or a pharmaceiKically acceptable salt or prodrug thereof. 

According to a fijrther aspect of the invention, there is provided a compound of formula {!), 
20 or a pharmaceutically acceptable salt or prodrug tliereof, per se, other than: 

(i) compounds wherein is selected from pyiTolopN-rimidhies; and 

(ii) compounds wheR^in Ri is selected from methyl, phenyl and (methy])phenyl, R2 is 
seiected from phenyl (substituted or wisubstitutcd) and R5 is selected from methyl and 
methanesuifonyl, preferably compounds wherein Rj is selected from methyl and phenyl 

35 (substituted or onsuhstituted), R2 is selected from phenyl (substituted or unsubstituted) and 
R5 is seiected irom methyl and methanesuifonyl, and more preferably wherein Ri is 
selected from methyl and phenyl (substituted or unsubstimtsd) and R2 is selected ftom 
phenyl (substituted or ansubstituted). 

30 According to a further aspect of the invention, there is provided a compound of formula (I), 
or a pharmaceutically acceptable salt or prodrug thereof, per se, whetdn R2 is seiected from 
heteroaryi, other than con^unds wherein Ra is selected from pyrroiopyrimidines. 
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Li a preferred enibodiment, rhsre is provided a compound of fomak (X), or a 
pharmaceutically acceptable salt or prodrug tiiereof, per se, wherein Rj is selected from 5- 
or 6- membered monocyclic heteroaryl groups. 

5 Accordiiig to a further aspect of the inventioa, there is provided a method of piepaiiBg &e 
novel compounds of fee present invention. Compounds of fomiula (I) may be prepared 
according to conventional synftietic methods, sach as set out in Reaction Scheme 1. 

ReacUon Sdieme 1 



Compounds of formula (1) wherc Ri is a&oxy, aryioxy, alkyltMo, ja-ylthio, CN or jNR7Rg 
may be prepared from compoat><fe of fomiuia (2) by stajvdard methods such as nucleopliilic 
displacement using an appropriate nocleophilic reagent such as an alcohol, thiol, cymside or 
1 5 amine (HNR7B4i) in the presence of a suitable base If i^uiied 

Compounds of formula (1) wheue Ri is NRefCOR?, NRgCOaRg or NRgSOaRg, wherein Ro is 
H, alkyi or aryl, may be prepared from compounds of formula (1) where Rj is ISJR^Rs, 
wherein R? is H and Rg is H, alkyl or aryl, by standard methods aach as treatnieBt wiA an 
20 appropriate acid chloride (R7C0C1), chlorofonmte (CICO2R9) or sulphonyi chloride 
(R9SQA) in the presence of a suitable base such as triethyiamine. 

Compounds of fonraila {,1) where Ri is NR6CONR7Rij wherein R<3 is H, alkyl or aryi, Biay 
be prepared fmm compounds of formula (1) where Rj is NR7RSS wherein R? is H and Rg is 




10 
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H, aSkyl or aryi, by standard methods such as treatment with an apfpropiiate isocyanate 
(R7NCO or R«NCO) or carbamoyl chloride CR7B«HC0C1) in the presence of a suitable base 
such as triethylaaiir^ if ie<jaired. 

5 Compounds of formula (i) wheije Ri is NBz may be prepared from compounds of formula 
(I) wheie Rj is NR7RS, whemiij R? is H and Rg is a suitable proteciing group such as a 3,4- 
dimethoxybenzyl group, by standard metho<fe such as treatment with TFA. 

Compounds of formula (2) where Rj is alky] (including arylalkyi, heteraarylaikyl and 
10 (CR50R5 !)#32) may be prepared from a compound of fomuia (3) by standard methods such 
as reaction with an appropriate aJJcy] haiide, or substituted alkyi halide in the presence of a 
suitable base such as sodium hydride. 

Compouo(fe of formula (2) where R5 is (CRjoRjOaRia aad R12 is CONR7R8 or 
1 5 CONRsNil7R« may be prepared from compounds of formula (2) whore R5 is {CRioRu )aRj2 
and Ru is CO^ by stondard methods such as direct reaction with an appropriate amine or 
hydrazine or by initisd hydrolysis of the ester group COaR^ to a carboxyiic acid fofiowed by 
reaction with an appropriate amine or hydmine in the presence of a standard coupling 
Ksagent such as 1X!C. 

20 

Compounds of formula (2) where R5 is (CRjoRu^^Rjg, wherein R13 is C(~NR6)NR7R8 may 
be prepared froirs compounds of formula (2) where R5 is(CRioRii)ttRj2 wheiein Rjs is CN 
by standaid methods such as treatment with an appropriate amine in the presence of 
trimethyl aluminium. 

25 

Compounds of formula (2) where R5 is (CRioRnXJ^ja, wherein R12 is COjRs or CN may be 
prepared from compounds of formula (3) by standard methods such as treatment with an 
appropriate substituted alkyl halide in the presence of a suitable base such as sodium 
hydride. 

30 

Compounds of formula (2) wheie R5 is CONR7R8 <x£ CONR6^^?7R8 may be pmpared from 
compounds of formula (3) by standard methods such as treatment with an appmpriate 
isocyaiiate (R?NCO orR&NCO) or cadsamoyi chloride (RtRsNCOCI or RyRgMRgNCOCl). 
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CoEipoimds of fommia (2) where Rs is CORf„ COdRg or SO2R9 may be prepared from 
compounds of formula (3) by standard methods such as treatment with an appropriate acid 
chloride (RgCOCl), chioroformate {CICO2R9) or sulphonyl chloride (RpSOaCI) in the 
5 presence of a suitable base such as triethyiSDaiae. 

CoiTjpouods of formula (3) are prepared from compounds of formula (4) by standard 

methods such as aryl or heteroaryl coupling reactiotis. Suitable aryl or heteioaryl coupling 
reactions would mclude reaction with an appropriate atyl or heteroaryl triaHcylstarmane 
10 derivative, an aiyl or heteroarylboronic acid or boronic ester derivative, or m myl or 
heteroarylzinc halide derivative in the presence of a suitable catalyst such as a palladium 
complex. Compoimds of formula (4) iu-e either known in the literatore or are prepared by 
mett^ods which ate analogous to those described in the Hterature. 

15 In certain cases it may be advantageous to prepare a compound of formula (2) where Rs is 
selected to perform the function of a protecting group, for example a suitable protecting 
group would be a benzyl group or substi tuted benzyl group such as a 3,4-dimethoxybeiizyl 
^up or a trimethylsiiylethoxymethyl group. Compounds of this nature may prepared as 
described above and converted to compounds of formula (1), where R3 is a protecting 

20 ^oup, as described above. The protecting gjxiup R5 inay be tlien be removed by standard 
methods such as treatnient with, for exairsple, TFA or tetra-?i-b«tyiammoniiim fiooride to 
give a compound of fortnuia (1) where Rs is H. Compounds of foiimiia (1) where R5 is H 
may then be used to prepare other compounds of formula (1), where R5 is as previously 
defined, by the methods described above. 

25 

In certain cases it may be advantageous to prepare compounds of foimula (1) where Rj is 
aikyi (including aryiaikyl, heteroarylalkyl and (CR36Rn)ttRi2 fmm compounds of formula 
(1) where R5 is H by the methods described above, 

30 Other compounds of formula (1) may be prepared by standard methods such as those 
illustrated in Reaction Scheane 2. 
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Compounds of formula (1) where Ri is alfcyl or aryl may be prepared fiom compounds of 
5 fomjula (5) where Rj is alkyl or aryl by sisindard methods such as myl or heteroaryl 
coupling reactions as described above. Coxapoimds of formula (5) where Rj is aikyl or acyl 
ate either known in the iiteratare or may be pi^pared by methods analogous to those 
described in the literature. 

10 Compounds of foiTOula (I) where R3 aad are H, alkvL halogen, alkoxy, alkylthio, CN or 
NR7R8 may be prepared by the methods described above. Suitable intemediates such as 
compounds of formiila (4) and (5) where R3 and R4 are as devscribed above, are either 
known in the Htsacafcoie or are ptiepajed by method^ which are analogous to those described 
in the hteratuie. 

IS 

According to a further aspect of the invention, there is provided a pharmacenttcal 
composition comprising a compound of formda (I) in combination with a phaimaceutically 
acceptable carrier or excipient and a method of making such a composition comprising 
combining a compound of formula (I) with a phaimaceutically acceptable carrier or 

20 excipient. 

The pharmaceutical compositions cinployed in the present invention comprise a compoimd 
of Ibnmiia (1), ox phanBaceutically acceptable salts or prodrugs tiiereof, and may aiso 
contain a pharmaceatically acceptable caitier and optionally otlier therapeutic ingredients 
25 known to those skilled in She art The term, "pharmaceuticaiiy acceptable salts", refers to 
salts prepared from phanaaceutically acceptable non-toxic acids including inorganic acids 
and organic acids. 

Where the compounds of formula (I) are basic, salts may be prepared from 
30 pharmaceuticaiiy ac<«ptable non-toxic adds including inorganic and organic acids. Such 
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acids iaclude acetic, benzenesulfomc, benzoic, caniphorsulfonie, citiic, ethenesoironjc, 
iumaric, glucomc, glutamic, hippuric, hydrobromic, hydrochloric, isethioi-iic, laciic, inaleic, 
malic, msKidelic, methanesulfonic, mcdc, muic, painoic, pantothenic, phosphoric, succinic, 
sulfuric, tartaric, oxalic, p-toiue^esulfonic the like. Particularly pieteixed are 
5 hydrochloric, hydrobtomic, phosphoric, and salfuric acids, and most particularly ptefeixed 
is the hydrochlcMdde salt 

Any suitable route of administration may be employed for providing the patient witlt m 
effective dosage of a compound of formula (1). For example, oral, rectal, parsnteml 

10 (intravenous, intramuscular), teisdermal, subcutaneous, and the like may be employe4. 
I>osag8 forms include tablets, troches, dispersions, suspensions, solutions, capsules, 
patches, and tiie like. Tlie most suitable mute in any given case will depend on tlie severity 
of the condition being treated. The most prefetxed route of administration of the pre.sent 
invention is the oral route. The compositions may be canveniently presented in unit dosage 

1 5 form and prepared by any of the methods well laiown in the art of pharmacy. 

In practical use, the compounds of formula (I) can be combined as the active ingi'edient in 
intimate adniixture with, a pharmaceuiicai carrier according to conventional phatmaceutica! 
compounding techniques. Hie carrier may take a wide variety of forms depending on the 

20 form of i»eparation desired for adtninisu-ation, e.g. oral or parenteral (e.g. intravenous). In 
prepaoiig the compositions for oral dosage form, any of the usual phatmacentical media 
may be employed as carriers, such as, for example, water, glycols, oils, alcohols, flavouring 
agents, preservatives, colouring agents, and the like in the case of oral liquid prepai-ations 
(such as suspensions, solutions and elixirs) or aerosols; or carriers such as starches, sugars, 

25 micro-Cfystalliue cellulose, diluents, granulating agents, lubiicants, binders, disintegrating 
agents, and the like may be used in the case of oral solid preparations such as, for example, 
powders, capsules, and tablets, with the solid oral pi-epai-ations being preferred over the 
liquid preparations. The most ^ferred solid oral preparation is tablets. 

30 Because of their ease of admimstration, tablets and capsules represent the most 
advantageous oral dosage unit form in which case solid pharmaceutical cairiers are 
employed. If d^ired, tablets may be coated by standard aqueous or non-aqueous 
techniques. 
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fa addition to the conanon dosage forms set out above, the compoimds of fommla (I) may 
also be administered by controUed release means and/or delivery devices such as those 
described in Uaited States Patent Nos.: 3,845,770; 3,916,899; 3,536.809; 3,598,123; 
5 3,630,200; 4,008,719; 4,687,660; and 4,769,027, tiie disclosu3?es of which aj« hereby 
incorporated by refemnce. 

Pharmaceuticai compositions employed in the present invention suitable for oral 
admimstration may be presented as discrete units such as capsules, cachets, or tablets, or 

10 aerosol sprays each containing a predetermined amount of the active ingredient as a powder 
or granules, a solution or a suspension i n an aqueous liquid, an oll-in-vvaier emulsion, or a 
water~in-oil liquid emulsion. Such compositions may be prepared by any of the methods of 
phannacy, but all methods include the step of bringing the active ingi'edient into association 
with the carrier which constitutes one or more necessaiy ingi-edients. In general, tlie 

15 compositions are prepared by uniformly and intimately admixing the active ingredient with 
liquid canieis or finely divided solid carriers or both, and then, if necessary, shaping the 
product into the desired presentation. 

For example, a tablet may be prepared by compression or mouidiag, optionally with one or 
20 more accessory ingredieats. Compressed tablets may be pnspared by compressing in a 
suitable machine the active ingredient in a free-flowing form such as powder or granules, 
optionally mixed with a binder, a lubricant, an inert diluent, and/or a surface active or 

dispersing agent. Moulded tablets; may be made by moulding in a suitable machine a 
mixture of the po\vdered compound moistened with an inert liquid diluent. 

25 

The invention is further defined by mference to the following examples. It will be apparent 
to those sMlied in the art ih&t many modiftcations, both to materials and methods, may be 
practised without departing from the purpose and interest of this invention. 

30 EXAMPLES 



The invention is iilustmted with reference to the following Rxamples, as set out in Table I. 
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Table! 



Example 


Structure 


Comjioimd Name 


1 


rri 


N,N-dimethyl-4~{2-furylHH-p>'n-oj(of2,3-- 


2 


Co 


2-chIoro-4-(2-ftjryl)-m~pyxroloE23- 
dJpyxinHdine 


3 




7- ben?.yj ~N,N-<iimetb yl-4-(2-furyi)-7H- 
pyiTolo[2,3"<ijpytJrnidi3rte-2-aKiiae 


4 




7-}>enzyI-2-cMoro-4-(2-furyI)-7H~pyrroioE2,3- 
dJpyriTuidiiie 


5 


CO 


7-benxoy]-N,N--dimefhyl-4-(2-&ryl)-7H- 
pyrrolo[23-d]pyriniidme-2-aamie 


6 


Orl 
' ' O 


(2R)'2-(2-hydi-oxymethylpyTroHdjn-l-ylH- 
^_ luiyt} ixi--pyiTtuo(.<i,3-ajpynTiJigiiie 


7 




N'-(3,4~d5methoxyben2;yI)-4-(2-furyi)-IH- 
pyrroio[23-d3pyriimdme~2-a!ai«e 


8 




4-{2-furyl)-lH-pyiToioP,3-d3pymnjdine-2- 
amtne 
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9 




N~beiKyl-N'-{4-(2-fur}4)--lH-pyrroio[2,3- 
d]pyiiiniditi-2-yi)area 


10 




2-chloro-7K'2-fluorobeBzyi)-4-(2~furyl)-7H~ 
pyrrolo[2,3-d}pyrimidme 


11 


a 

H 


N^-dimethyi-7-(2-flaorobenzyiH-(2--furyl)- 
7H-pym>Io[2,3-<i]pyrimidine-2-amine 


12 


9 


N-(3,4-dimethoxybenzyi)-7-(2-flttoiobenzyl)- 
4~(2-furyi)-7H~pym>loE23-<i]pyriimdine-2- 


13 




7-(2-flaorobenzyiH-(2-fur>'l)-7H-pym>Io[2,3- 
d3pyiiinidine~2~aimne 



The syntheses of the above Examples is descabed witJi xefeteme to the followmg general 
syntiietic Methods. The analjtical data for the Examples, togetJier with iiie Method of 
synthesis used is given in Table 2. 

5 

S yathfctic Metttods 
Method A 

2-Chloro-4-(2.furyl)"iH.pyrrolo[2,3.dj[pyn3a«idine (Example 2) 

iO A solution of 2,4-dichIoro-m-pyrroio[23-d3pym»idme (4.1 g, 21.8 mmol) in DMF (20 
mL) was ti-eated with PdCl2(PPh3)2 (772 mg, 0.17 namol) and 2-(tributylstannyl>fiiran (6.9 
mU 21.8 lUfflol), stin-ed at room temperature for 16 h, diMed with diethyl ether and filtered 
to give the title compound (2.94 g, 61 %) as a pale orange solid. 



15 Method B 

2'ChloTO'7-(2-fluoroben2ylH-(2-furyl)-?H-p5Troio[23-d3^^ 
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A soludoii ot\2<Moro-4-(2-furyl)-lH-p>'Kolo|23-d]pyrimidine (219 mg, I mmol) in DW 
(2 mL) at 0 *C was treated with NaH (40 nig, 60 %, I xmnol), stirred for 20 min, treated 
with 2-flnojrobsnzyi bix>xmde (120 pL, 1 mmol), sUwed at room tempemtoie for 1 h, 
quenched mth watet, extracted with EtOAc, dried ^gS04), concentrated in vacuo and 
5 purified by chromatography (EtOAc ; Heptane, 1:4) to give ih& titk campowid (250 mg, 76 
%) as a cream solid. 

Method C 

N-(3,4H8iineth«xyfaemgrI).7-(2-fiuorob«iayl)'4-(Mttryi)«7H-py^^^ 
10 2-amitie OB^s^mpIe 12) 

A solution of 2~chloix)-7-(2-fluorobemyl)-4H2-fur>})-7H-p>Trolo[23H!Jpyrim (254 
mg, 0.78 .mmol) in N-raethyipyiTolidone (2 ml.) wa^ treated with veratrylamine (0.25 niL, 
L66 mmol), heated to 100 "C for 16 h and purified by chromatography (Heptane : EtOAc, 
4:1) to give the title compound (316 mg, 88 %) as a cream solid, 

IS 

Method P 

7K3-flitiorohenzy{)4-(2-furyl)-7H-pyrrolo[2,3'd|pyrimidtne-2-aniine{Exi«^ 

A solution of N-(3,4-dtmethoxybenzyi)-7^;2-fluorobenzyl)-4-(2-furyi)-7H-pwolo[2,3- 
dJpyrimjdine-2-affiine (110 mg, 0,24 mmol) in TFA (1 mL) was heated to 50 %2 for 3 fa, 
20 concentrated in vacuo, treated with saturated NaHCOs, extracted wth EtOAc, dried 
(MgS04), concentrated m vacuo, purified by chromatography (EtOAc : Heptane, 1:4) and 
recrystalKsed (EiOAc) to give the tkle compound (38 mg, 51 %) as a cmam solid. 

Method E 

25 7-B«moyl-N^-dimetb}1-4"(2-foryI)-mpyiToio[2^-d]pyri)^ (Example 
S) 

A soiation of N,N-dimethyl-4-(2-furyl)--lHrpjTrolo[23-d]pyrimidine-2-amine (IS! mg, 0.8 
mmol) in THF (3 mL) was treated x^ith EtgN, (11 1 pL, 0.8 mmol), benzoyl chioride (93 fiL, 
0.8 mmol) and a catalytic amount of DMAP, stirrcd at room temperature for 16 h, qiisnched 
30 with water, extracted with EtOAc, dried (MgS04), concentrated in vacuo and purified by 
chromatography (EtOAc : Heptane, 1:9 then Heptane : DCM, 2:1) to give the title 
compound (76 mg) as a yellow solid. 



WO02/»55<«f4 



30 



PCT/GB02/(NMfiJ5 



Method F 

N-ben»yl-H'-{4-(2-f«ryl)4H-pyrrob[23-<1]pyrimidm-2-yI)iirea (Exampte 9) 
A solution of 4-(2-fuQ'l)-iH"pynr!lo[2,3-d]pyrimidine~2-aTBine (192 rog, 0.96 mmol) m 
THF (3 mh) was treated with benzyl isocyanate (118 \iL, 0.96 mmoi), stilled at room 
5 temperature for 16 h and the resulting solid filtered and w^hed with EtOAc to give the ttk 
cmnpomtd (61 mg, 19 %) as a yellow solid 

Bfetiiod G 

2,4-DicWoro-7-(2-trimethyjs0ytellioxyiiiethyi)«7H-pyrrolo[2,3-d]pyrim 
10 A sototion of 2,4-dich1oro4H-pym>io[2,3~d3pyriTiiidine (542 mg, 2,58 mmol) in MeCN (20 
niL) was tssated with NaH (113 mgs 2.84 mmol), stirred for 1 h, treated witli 
trimethyisilylethyl chloiide (502 jiL, 2,84 mmol), stined at room tempea-ature fot 3 h, 
poured into water, extracted with EtOAc, dried (MgS04) and concentrated in vacuo to give 
Uie title compound (913 mg, 104 %) which used crude in the next reaction, 

15 

Method H 

N^^Dimethyl-4-{Mia:yi)-lH-pyrrol6[2,3-d3pyriniidtoe.2-^ (Example 1) 

A solution of N,N-dimethyi-4<2-furyi)-7-(2-tdineJhy1silylethoxyrnethyl)-7H-pyrrolo[23- 
d3pyrimidin6-2-amine (370 mg, 0.97 mmoi) in THF (3 mL) was treated with 
20 tetrabutylatumomum fluoride (1 ml, 1 -M in THF, 1 mmol),refluxed for 36 h, poured into 
watei-, extracted with EtOAc, dried (MgSO^), concentrated in vacuo and purified by 
chromatography (EtOAc : Heptane, 1:9, alumina) to give the title cofnpound (47 mg, 21%) 
as a yeOovv solid. 

25 2.CWoro«4.(2-fttryI)-7-(^tri)fnethylsllylethoxynielM)-'7H-py. 

This was prepared from 2,4-dichloro-7-(24rimethylsiiyiethoxymetbyi)--7H-pyiToio[2,3-- 
djpydmidine by mefeod A and the title compound (207 mg, 21 %) isolated as a creain 
solid. 

30 N,N-Bimethyl.4-(2-fur>l)-7K2*tnme%lsfiylethoxymea^^ 
dlpyrimidi»e-2-amfaie 

litis was pnspared from 2~chloro-4-(2-furyi)-7-(2-ttimethylsiiylethoxymethyI)-7H- 
pyr£olo[2,3-d3pyrimidine by method C and tihe title cony^omid (409 mg, 77 %) isolated as a 
white solid. 
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Table 2 



Example 


Method 1 




Physical Dato 


1 


H 


21 


mp 15)6.9- 1971 '^C; NMR, Sr (400 MHz, CDCis) 3,27 (6H, s), 6.57 ~ 
6.60 (la mX 6.S3 ~ 6.86 (IH. m), 6.93 - 6.97 (IH, m), 731 (IH, d> /4.0 
Hz), 7.65 - 7.68 (IH, m), 8.84 (IH, s) 


2 


A 


61 


mp 265.8 ~ 266.3 °C; IR v««» <Kujol)/c.m-^ 3199, 3108, 2924, 2854, 
1593, 1530 and 1462; NMR 6h (400 MHz, DMSO) 6.79 - 6.82 (IH. m), 
6.9S - 6.99 (IH. m), 7.50 (IH, d, J 3.5 Hz), 7.67 (IH, t, J 3,5 .Hx), S.Oa 
(iii d./LOHz), 12.4 (iH,s) 


3 


B 




mp 91.7 ~ 92.3 *C; IR V«aK (Nujoi)/cm*^ 3020, 2924, 2854, 1613, 1582, 
1542. 1452, 1395 and 733 ; NMR 8h (400 MHz, CDCI3) 3.27 {61% «), 
5.31 (21-L s), 6.55 - 6.57 (IH, m), 6.80 (IH, d, J 3.5 Ife), 6.81 (IH, d, J 
4.0 Hz), 7.23 ~ 7.34 (6H, m), 7.63 ~ 7.65 (IH, m); 


4 


B 




IR v,„,, (Nujoi)/cm'^ 3116, 3064, 3032, 2931, 1600, 1565, 1509, 1328, 
! 256, 1151 and 920; NMR 8h (400 MHz, CDCI3) 5.43 (2^ s), 6.61 ~ 
6.65 (IH. m), 7.01 (IH, d, J3.5 Hz), 7,15 (IH, d, /3.5 Hz), 7,21 ~ 7.37 
(.5H, ra), 7.47 (IE dd, /3,5, 1.0 Bz), 7,69 ~ 7.71 (IH, m) 


5 


E 




mp 108.3 ~ 109.1 "C; NMR 5h (400 Mlz, CDCIs) 2.89 (6H, s), 6.57 - 
6.60 (IH, m), 7,05 (IH, d, / 4.0 Hz), 7,28 - 7.29 (IH, m), 7.43 - 7.4S 
(2H, m). 7.53 - 7.59 (2H, ra), 7.66 - 7.67 (IH, m), 7.75 - 7.79 (2H, m); 
Anai. Calod for Ci9Hi6.N402 + 0.3 .H2O: C, 67.56; H, 4.95, N, 16.59. 
Found: C, 67.48; H, 4.72; N, 16.45; .M/Z333 (M4-H)^ 


6 


C 


64 


mp 1 74.8 ~ 175.6 °C; IR \Ws (Najoi)/cm^ 3094, 2752, 1611, 1560, 1518 
and 1467; NMR 5h (400 MHz, DMSO) LSI - 2.04 (2H, m), 3,26 - 3.36 
(2H, m). 3,56 - 3,47 (IH, m), 3.47 - 3,62 (2H, m), 3.69 - 3.76 (IH, m), 
4. IJ - 4.24 {IH, m), 5.01 (IH, s), 6.66 - 6.69 (IH, m), 6.71 - 6.74 (IH, 
m), 7. 11 (IH, dd, J 3.5, 2.0 Hz), 7.30 (IH, dd, J 3.5, .1.0 Hz), 7.96 - 7.97 
(IH, m), 11,41 (la s). 



32 



PCT/<J802/W95 





C 


82 


mv 154,8 - 154.9 °C; JR. v,^ (N«joi)/cm-^ 3459, 3416, 3142, 1623, 
1593, 1482, 1467. 1266 and 742; NMR §« (400 MHz. DMSO) 3.69 (3H, 
s), ^ 71 (3H, s), 4,47 (2H, d, J 6.0 Bz% 6.65 - 6,67 (IH, m), 6.71 - d72 
(in m), 6 83 - 6.91 (2H, m), X03 - 7.09 (3H, m), 7.27 (IH, d, J 2.5 He), 
7 04 - 7 96 (01, rn), 1 1.27 (IH, s); Anal. Caicd for C19HJSH4O3 2 H2O; 
C, 59 06; H, 5 749, N, 14.50. Found: C, .59.07; H, 5.74; N, 14.19. 




D 
F 


83 


mp 213.5 - 214.5 X: IR vw (Nujo1)/cm"^ 344S, 3287, 3188, 3133, 
3069, 2924, 2854, 1635, 1556 and 1468; NMR 8h (4m MMz> DMSO) 
ii 10 <2H 0, 6 6i-b 67 (IH, m), 6.69 - 6.71 (IH, m), 7.09 (IH, dd, J 
5, 2.5 H/ !, 7 21 - 7 24 (IH, d, J2.5 Hz). 7.95 (IH, s), 1 1.22 (IH, s). 


19 


fR v,„,x (Nujoiycm * 3208, 3140, 2730. 1668, 1603, 1557, 1463, 1376 
and 1363; ^^V^R 5h (400 MHz, DMSO) 4.51 (2H, d, J 5.5 Hz), 6.68 ~ 
6 TO (IH, m), 6 82 (S.S5 (IH, m), 7.07 (IH, d, J 3.5 Hit), 7.27 - 7.33 
(IH. mh 135 --Mi 5E, m), 7.95 (iH. d, J l.D Hz), 9,42 (IH, s), 9.86 
(iU. {.J =;5H:f), U 88(IH,s). 


10 


B 


7o 


mp 126.8 - 127.1 'C; IR vw (Nttjol)/cm-^ 2923, 2S54, 1601, 1547, 
1458, 1376, 1256, 920 and 733; fMR (400 MHz, DMSO) 5.52 {2H, 
s\ 6 SO - 6.83 (IH, m), 7.06 (IH, d. J 3.5 Hz), 7.10 - 7.19 C2H, m), 7.22 
7.28 (IH, m), 7.35 - 7.41 (IH. m), 7.52 (IH, d, / 3.5 Hz), 7.71 (IH, d, 
/ 3.5 Hz), 8.10 (IH, s); Anal. Calcd for Ci7HiiClN30 + 0.25 H2O: C, 
61 46; H. 3.49, N, 12,65. Found: C, 61.31; H, 3.31; N, 12.37, 


!1 
12 


C 


SO 


mp 115 1 - 1 15.2 T, NMR 5h (400 MHz, DMSO) 3.18 (6H, s), 5.35 
(2H, s> 6 70 6.75 (2H, m), 7.10 - 7.27 (4H, m), 7,30 - 7.38 (2H, m), 
7 97 (IH, s~). Anal Calcd for C19H17FN4O + 0,1 H2O: C, 67,48; H, 5.13, 
X. 16.57 l^oimd: C. 67.51; H, 5.10; N, 16.13; MX 336 
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IR (Nujoi)/cm-^ 3252, 3112, 2934, 2854, 1582, 1515 and 1464; 
NMR 5h (400 MHz, DMSO) 3.67 (3H, s), 3.69 {3H, s), 4.46 (2H, d, J 6.5 
H7), 5.33 {2H, s), 6.69 ~ 6,75 {2H, m% 6.79 (IH, d, / 8,5 Hz), 6.89 (IK 
u. J 8.0 Hz), 6.97 - 7.09 (3H, m), 7.14 - 7.37 (5H, m), 7.96 (IH, s); Anal. 
C<iicd for C2(sHa3FN40j: C, 68.11; H, 5,06, N, 12.21. Vomd: C, 68.14; H, 
5.08; N. 12.20. 
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IR VmTx (Nujoiycm'^ 3329, 31937292^ 1649, 1577 and 1552; NMR §h 
(400 Ml-k, DMSO) 5.34 (2H, s), 6.26 (2H, s). 6.70 ~ 6.73 (IH, m), 6.77 
(la d, / 3.5 Bz), 6,95 (IH, t, J 8.0 Hz), 7.09 - 7.18 (2H, m), 7.19 ~ 7.2S 
(2H, m), 7.30 - 7.37 (IH, m), 7.96 <iH, s). 



Adeaostoe Receptor Binding 

5 Binding A0mtie$ at hA^A Receptors 

Ti5e compooiKfe weie examined in an assay measuring in vUm binding to human adenosine 
A2A receptors by detejonining the displacemeat of the adenosine A2A I'eceptor selective 
radioligaad C^HJ-CGS 21680 using standard techniques. The results are samimrised in 
Table 3, 

10 

Tables 
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Example 1 


60 


Exaoiple 8 


272 


Example 13 
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]^v?|ff^^«^ft,of potential anti-Farkinsonian activity in vivo 

15 

Esdopendol'induced hjrpolocomotlon xaodel 

It has pieviously been demonstrated that adenosine antagonists, such as theophyliine, can 
reverse the behavioural depressant effects of dopamine antagonists, such as haioperidol, in 
rodents (Mandhane S.N. et aU Adenosine Aj rweptors modoiate haloperidol-induced 
20 catalepsy in rats. Eur. J. Pharmacol 1997, 328, 135 - 141). This approach is also 
considered a valid method for screening drugs with potential antipasfeinsonian effects. 
Thus, the ability of novel adenosine antagonists to block haloperidol-inttoced deficits in 
locomotor activity in mice can be used to assess both in vivo and potential antiparJkinsonian 
efficacy. 

25 
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Method 

Femaie TO mice (25-30g) obtained from J i CK UK, uic used for alt cxpcnmenfp AnjmaK 
ai-e housed ia groups of 8 [cage size ~ 40 (widih) x 40 (icngtii) x 20 (, height)cmj ondci i^bi- 
light/daik cycle (Eghts on 0S:00hjf), ia a temperatare (20 ± 2*^0 and hurai^ij- (55 ± 15'/") 
5 cotttfolled environment Animals have fose access to food and water, and are allowed at 
least 7 days to acclimatize after deliv^ before experiujental use. 

Liquid injectable haloperidol (1 ml Se^nance anaijoules from Baker Norton, Iferlow, 
10 Essex, each containing haloperidol BP 5 mg, batch # P424) are dilnted to a final 
concentration of 0.02 mg/mi using saline. Test comjjounds are typically prepared ^ 
aqueoos saspensions in 8% Tween. All compounds are administered intrapesritoneally in a 
volume of 10 ml/kg. 

15 Procedore 

1.5 houis before testing, mice are administcml 0.2 mg/kg haloperidol, a dose that reduces 
baseline locomotor activity by at least 50%. Test substaiices are typically administered 5- 
60 minutes prior to testing. The animals are then placed individually into clean, clear 
polycarbonate cages [20 (width) x 40 (length) x 20 (li^eight) cm , with a flat perforated, 

20 Perspex lid]. Horizontal iocxj.motor activity is determined by placing the cages within a 
frame containing a 3 x 6 array of photocelis linlved to a computer, which tabulates heani 
breaks. Mice are ieft undisturbed to explore for 1 hour, and the number of beams breaks 
made during this period serves as a record of locomotor activity which is compared with 
data for contiol animals for statistically si^ficant diffemnces. 

25 

^OHDA Model 

Parkinson's disease is a progressive neorodegenerative disorder characterised by symptoms 
of muscle «gidit>', tremor, paucity of movement {hypoMnesia), and postural instability. It 
has been established for some time that the primary deficit in PD is a loss of dopaminergic 
30 neurones in the substantia nigra which project to fee striatum, and indeed a substantial 
proportion of striatal dopamme is lost (ca 80-85%) before symptoms are observed. The 
It^s of stri^al dopamine results in abnormal activity of the basal ganglia, a series of nuclei 
which regulate smooth and well co-ordinated movement (Blandini F. et cd.^ Glutamate and 
PjBddnson's Disease. Mot Neurobiot 1996, 12, 73 - 94). The neurochemical deficits seen 
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in Parkinson's disease can be repix»diiced by local injection of the dopaimtiei-gic nem-otoxin 
6-hydroxydopaimne iiito brain regions containing either the cell bodies or axonal fibres of 
the nigrostriatal neurones, 

5 By luriilaterally lesioiiing the nigrostriatal pathway on only one-side of the forain, a 
behavioural asymmetry in movement inhibition is observed. Although uniiaterally-lesioned 
animals aie stifl mobile and capable of self maintenance, the remaining dopamine-sensitive 
nem-ones on the iesioned side become suptarsenstive to stimuiadon. This is demonstrated 
by the observation that following systemic administration of dopamine agonists, siicli as 
10 apomorphine, animals show a pronounced rotation in a direclion conti'aiateral to the side of 
ie^ioiiing. The ability of compoands to induce contralateral rotations in 6-OHDA Iesioned 
nit$ has proven to be a sensitive model to predict drag efficacy in the treatment of 
Parkinson's Disease. 

15 Animals 

Male Sprague-Davvley rats, obtained ftx>m Chiirles River, are used for all experimenis. 
Animals are housed in groups of 5 under 12hr iighb'dark cycle (lights on 08;00hr), in a 
temperature (20 ± 2°C) and humidity (55 ± 15%) controlJed envlronraent. Animals have 
free access to food and water, and are allowed at least 7 days to acclimatize after deliveiy 
20 before exp«aimental use. 

■Drugs 

Ascorbic acid, desipramine, 6-OHDA ajtd apomorphine (Sigma-AIthich, Poole, UK). 6- 
OHDA is freshly piiepared as a solution in 0,2% ^orbate at a concentt-alion of 4 mg/raL 
25 pior to surgery- Desiprajnine is dissolved in warm saline, and administered in a volume of 
1 ml/kg, Apomorphine is dissolved in 0,02% ascorbate and administered in a volume of 2 
mL/kg. Test compounds aie suspended in 8%Tween and injected in a volmne of 2 mL/kg. 

Surgery 

30 15 minutes prior to surgery, animals ai^e given an intrapeaitoneal injection of the 
noradrenergic uptake inhibitor desipramine (23 mg/kg) to prevent damage to non-dopamine 
neurones. Animals are then placed in an anaesthetic chamber and anaesthetised using a 
mixtnre of oxygen and isofiuraae. Once unconscious, the animals are transferred to a 
stereotaxic &ame, whrare anaestiiesia is maintained through a mask. The top of the atiimai's 
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head is shaved mid sterilised using an iodine soiution. Once dty, a 2 cm long incision is 
made along tlie imdline of the scalp and the sMn retracted and dipped back to expose the 
skiill. A small hole is then drilled through the skiJl above the injection site, hi order to 
lesion tlie nigrostriata! pathway, the injection cannula is slowly lowered to position above 
5 the right medial forebrain btmdie at -3.2 imn anterior posterior, -1.5 tmi medial lateral 
from bregma, and to a depth af 7.2 mm below the dummater. 2 minutes after lowing the 
cwnula, 2 iiL of 6-OHD A is Mased at a rate of 0.5 pUtmn over 4 minntes, yeiiding a tinal 
dose of 8 The cannula is then left in place for a ftrrther 5 minutes to facilitate diffusion 
befoix; being slowly withdrawn. The skin is then sutured shut using Ethicon W501 Mersilk, 
10 and the animal removed from the strereotaxic frame and returned to its homecage. Hie rats 
are allowed 2 weeks to recover from, surgery before behavioural testing. 

Apparatiis 

Rotational behaviour is measured using an eight station mtameter system provided by Med 
15 Associates, San Diego, USA. Each station is coraprised of a stainless steel bow! (45 cm 
diameter x 15 cm high) enclosed in a transpaient Flexiglas cover iimning around the edge 
of the bowl, and extending to a height of 29 cm. To assess rotation, rats are placed in cloth 
jacket attached to a spring tether connected to optica! rotameter positioned above the bowl, 
which assesses movement to Uie left or right either as patial {45") or full (36(f) rotations. 
20 All eight stations are interfaced to a computet that tabulated data. 

Procedure 

To reduce stress during drug testing, rats are initiaily habituated to the apparatus for 15 
minutes on four consecutive days. On the test day, rats ai© given an intrapetitoneai injection 
25 of test compound 30 minutes prior to testing. Jtauaediately prior to testing, animals are 
given a subcutaneous injection of a subthreshold dose of apomorphine, then placed in the 
harness jaid the number of rotations recorded for one hour. The total number of full 
contralatral rotations during the hoar test period serves as an index of antiparkinsonian drug 
efficacy. 
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CLAIMS 

1 , Use of a corapoond of fotmula (I): 




5 a) 

wherein 

Ri is selected from aikyi, alkoxy, aryioxy, aikyithio, aryithio, aryi, halogen, CN, NR7RS, 

NR^CORt, NR«C0NR7R8, NRfiCOaR? and NR^SOsRs; 
R2 is selected from an'1 attached via an unsatorated carbon; 
10 R3 and R4 are independently setected from H, alkyi, halogen, alkoxy, aJkyitliio, CN mi 

NR7RS; 

R5 is selected from H, acyclic alkyi, COR$, CONRtRj, CONRgNR^Rg, CO^Ro and SOaRs; 
Rg, R7 and Rs are independently selected from alkyi and aryl or where R7 and Rg are in an 
Ml7Rg group R7 and Rg may be linked to fotm a heterocyclic group, or where Re, R7 and Rg 
15 are in a (COMR^NRjRg) group, and R? niay be linked to form a feeterocyciic group; and 
R9 is selected from alkyi and aryl, 

or a pharniaceuticaily acceptable salt or prodrug thereof, in the manufacture of a 
medicament for the treatment or prevention of a discsrfer in which the biockiag of purine 
receptors may be beneficial. 

20 

2. Use according to claim 1 whemin is selected from alkyi, alkoxy, thioalkyl, KR7Rg, 
NR6COR7, NR6CONR7RS, NRftCOaR? and NR6SO3R9. 

3. Use according to claim I whisrein Rj is selected ftom NR7R^, NRgCOR?, 
25 NRsCONRtRs, NR^COsRsi aad JMRgSOaRs. 



4. Use accoi5ding to claim 1 whearein Rj is selected from NR7RS. 
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5. Use according to claim I wherein Ri is selected ftom Mia. 



6. Use according to claim 1 wh«a»m Ri 
5 MR6CO2R9 and NRsSOaR? and Re is H of alkyl 

7. Use accoj-diiig to claim 1 whesein Rj 
mt^OzK^ and NK^jSOaK? and is H, 



is selected ftom m^CORj, m^COm.-jSk, 



is selected from ISiRsCOR?, MlsCOJIR^Rg, 



10 8. Use according to claim 1 wherein Ri is seiecLed ftom haloalkyl and arylalkyl 

9. Use according to any preceding claim wherein Rz is a 5- or 6- membeised moaocyclic 
aryl gitjup. 

i 5 10. Use according to any of claims i to 9 wherein R2 is unsubstituted ia at least one orfeo 
pc^tioit. 

11. Use according to any of claims 1 to 9 wherein R2 is unsubstituted at both ortho 
positions, 

20 

12. Use according to any preceding claim wherein R2 is a heteroaryi ^onp. 

13. Use according to claim 12 wherein R3 is a hetei'oaryl poup which is attached to the 
pyrimidine ring of formula O) such that a hetexoatom is adjacent to said unsaturated carbon 

25 atom attached to fee pyrimidine ring. 

14. Use according to any preceding claim wherein R2 is an N, O S-containing hetoroaryl 
group. 

30 15, Use according to any preceding claim wherein R2 is seiected from furyl, thienyl, 
pyridyl, pyrazoiyl and thiazolyl. 
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16. Use according to any preceding ciaiia wherein. is setoed from 2-furyl, 2-fliienyl, 2- 
tMazoiyl, S-pyi^oiyi and2-pyddyi. 

17. Use according to any preceding claim wherein R3 is hydrogen. 

5 

18. Use according to any pj»ce<fiag claim whetein R4 is hydrogen. 

19. Use according to any of claims 1 to 18 whetdn R5 is selected from H and substituted 

acycUc aikyi, 

10 

20. Use according to claim 19 wl^erein R5 is acyclic alkyi substituted by ai-yi, cycioallcyi, 
non-aiomatic heterocyclyl. COaRe, CONR7RS, CONR«NR7R8 and C<=NR6)lSIR7Rg. 

21 . Use according to claim 20 wheiein Rs is acyclic aJlQfl substituted by aryi or CONR7RS. 

15 

22. Use according to claim 21 whestein R5 is methyl substituted by aryi or CONR7RS. 

23. Use according to any of claims 1 to 18 wherein R5 is selected fmm (CRjoRiOaRiz 
wherein n is 1 to 6, Rjo and Rn are indepfflttdently selected from aikyi and aryi, and Ru is 

20 selected ftom sibstitated and unsubstituted aryi, cycloaikyi, non-aromatic het«aocycMc, 
CO3R& CONR7R8, CONRsNRtRs and C(^NRs)NR7R8. 

24. Use accoi-ding to claim 23 wherein n is L 

25 25. Use accoixiing to claim 23 or 24 wherein Rjo and Rn are independently selected ftom 
H and aikyi, pisfoi-ably H. 

26. Use according to claim 23, 24 or 25 wherem R12 is selected from aryi and CONR^Rg. 

30 27. Use according to any of claims 23 to 26 whssxiin Ri2 is selected irom mono-, di~ or tri- 
substituted aryi groups represented by the fonniila Ar(Ri3)a(Ri4MRi5)c herein Ar is an aryi 
group; w-herein Rn, Rm and R {5 are substitaent gronp(s), tfee same or difieaait; and wherein a, 
b and c am 0 or 1 such that a+b+c >i . 
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28, Use according to claim 26 or 27 whapem said aryl group is selected fxoBi pfienyl, 
tlwenyi, faryl, indoiyl and pyridyl 

5 29. Use according to cMm 27 wherein R^, Ri4 and Ris are independently selected ftom 
m7R8, alkyi, alkoxy, halogen, NO2, CN, hydwxy, NHOH, CHO, CONR7R8, CO^i, 
NRgCOR?, NRdCQjR?, NRcSOsR^, OCOjR^ and aryl. 

30. Use according to cMm 29 wherein R13, R14 and R\s aie independently selected from 
10 NRyRs, aUsyi and halogen. 

3L Use according to claim. 29 wherein R13, Ru md Rxs are independently selected from 
alkyi, and said aikyl is sulKtituted alkyl and is selected from aikoxyaOcyi, hydroxyalkyi, 
aminoaikyl andhdoalkyl. 

15 

32. Use acooiding to claim 30 whexsein R13, Ru and Rjs are independenfiy selected ftom 
NBj, unsubstituted alkyl and Hucm. 

33. Use according to claim 23, 24 or 25 wherein R32 is selected fsam CONR7S.8, % is H 
20 and Rg is selected ftom H, unsubstitnted alkyl and ar>}aiky1. 

34. Use accor<fing to any one of ciairas 1 to 18 wi\ei:ein Rj is selected from CONR7R8, R? 
is H aiid Rs is selected from arylalfcyL 

25 35. Use accoidingto claim 34 wherein Rs is selected iromarj^metbyl. 

36. Use accoiding to any pnaceding claim wherein Rg to Ru aJ® independently selected 
fem lower alkyl. 

30 37. Use according to claim 1 wherein Ri is NHa, R^ is 2-ftiryl, R3 and R4 are H and R5 is 
arylmetltyl. 
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38, Use accardiTig to claim 1 'ftterein the compound of fotmuia (Ji) is 7-(2-fItiorobeii2yl)- 

39. A method of tsreating or pmventing a disorder in which the blocking of ptitme 
5 receptors may be benefidai comprising administration to a subject in need of such 

treatment an effective dose of a compoand as out in any one of claims 1 to 38 or a 
pbarmaceutically acceptable salt thoeof , 

40, A use or method according to any one of claims 1 to 39 wherein the disorder is 
10 caused by the hyperfunctioning of purine receptors. 

41. A use or method acccurding to any one of claims i to 40 wherein tfee purine 
receptors are adenosine receptors. 

15 42, A use or method accos:ding to claim 41 wheiein the adenosine peceptors are A^a 
receptors, 

43. A use or method accordmg to any preceding claim wherein the disorder is a 
movement disorder. 

20 

44, A use or method according to ciaim 43 whetdn the movement disorder is 

Parkinson's disease. 

45. A use or method according to claun 44 for treatment of dmg-induced Parkinsomsm, 
25 past-encephaJitic Parkinsonism, Parkinsonism induced by poisoning or post-traumatic 

Pai-Mnson's disease. 

46, A use (xc method according to claim 43 wherein the movement disorder is 
progressive supemuclear palsy, Huntingtons disease, multiple system atrophy, cojticobasal 

30 degeneration, Wilsons disease, Hallerrorden-Spatz disease, progressive pallidal atrophy, 
Dopa-respofflsive dystonia-ParMnsomsffi, spasticity or other discsrders of the basal ganglia 
which result in dyskinesias. 
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47. A me or method according to any one of daims 43 to 46 whercin the coinpound of 
formula (I) is in combination witiii one or more additional drugs useful in the tircatment of 
movement disorders, the components being in the same fominlation or in separate 
fonnulationg for administration simnltaneonsiy or sequentlaUy, 

5 

48, A use or method according to claim 47 wherein said additional drug(s) nsefiil in the 
treatment of movement disorders is/ate a di'ug useful in the tiieatment of Parkinson's 
disease, 

10 49. A use or method according to claim 47 or 48 wherein the or one of the additional 
drugs is L-POPA or a dopiimine agonist. 

50. A use CK- method according to any one of claims 1 to 42 wherein said disorder is 
depression, memory or cognitive impairment, acute or chronic pain, ADHD or narcolepsy, 

15 

51. A use or method according to claim 50 wherein said memory or cognitive 
impairment disorder is Alzheimer's disease. 

52. Use of a compound as set out in any one of claims I. to 38 or a pharmaceuticaliy 
20 acceptable salt thereof in the manufacture of a medicament for neuroprotection in a subject, 

53. A method of nemoproLectioo comprising administration to a subject in need of such 
treatment an effective dose of a compound as set out in any one of claims 1 to 38 or a 
pharmaceuticaliy acceptable salt thereof. 

25 

54. A use or method according to claim 52 or 53 wherdn said medicament or said 
metiiod is for nsuropiotection in a subject suffering ftom or at risk from a 
neurodegenerative disorder. 

30 55, A use or method according to claim 54 wherein smd neurodegenerative disorder is a 
movement disorder. 
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56, A me or method according to cMm 55 wliet©in said movement (iisorder is a 

disorder as set out in claim 44, 45 or 46. 

57, A use or metlwd according to any one of claims 1 to 56 wherem the subject is 
5 human. 

58, A compoand according to any one of clmm 1 to 3S, or a phmtnaceuticaJly acceptable 
salt thereof, for use ia flier^y. 

iO 59, A compouttd of fonsiala (J) according to any one of clainis 1 to 3S, or a 
pharmaceutically acceptable salt or prodrug thereof, per se, wherein Ra is selected from 
hetemaryi, other titian compounds wherein is selected ftorn pyrrolopyximidines. 

60. A compound according to claim 59 wherein Rj is selected fscm 5- or 6- membered 
i S monocyclic heteroaryl groups. 
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